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The  goal  of  this  research  is  to  develop  thermodynamically  correct  bioavailability  [ 
estimations  using  chromatographic  stationary  phases  as  a  model  of  the  [ 

"interphase-*  system.  It  has  been  previously  established  that  octanol-water  [ 

partition  coefficients  are  not  thermodynamically  relevant  for  the  modeling  of  [ 

bioaccumulation  processes  (Opperhuizen  et  al..  Environ.  Sci.  Technol.  1988,  22, 

286).  They  investigated  the  thermodynamic  properties  of  the  partitioning  of  chlor-^ 
obenzenes  between  fish  lipids  and  water,  and  showed  that  bioconcentration  is 
accompanied  by  positive  enthalpy  and  entropy  changes.  In  contrast,  the  partitioning 
of  these  compounds  between  octanol  and  water  is  accompanied  by  negative  enthalpy 
and  by  small  negative  or  positive  entropy  changes.  They  conclude  that  the  differerce, 
in  the  thermodynamic  properties  of  these  processes  arise  from  the  different 
structures  of  fish  lipids  and  octanol,  and  that  only  under  very  specific  conditions 
and  only  for  structurally  similar  compounds  can  a  relationship  between  octanol-water 
partitioning  and  bioaccumulation  be  expected. 
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The  goal  of  this  research  is  to  develop  thermodynamically  correct  bioavailability 
estimations  using  chromatographic  stationary  phases  as  a  model  of  the  “interphase”  system. 
It  has  been  previously  established  that  octanol-water  potion  coefficients  are  not 
thermodynamically  relevant  for  the  modeling  of  bioaccumulation  processes  (Opperhuizen  ^ 
al..  Environ.  Sci.  Technol.  1988,  22,  286).  They  investigated  the  thermodynamic 
properties  of  the  partitioning  of  chlorobenzenes  between  fish  lipids  and  water,  and  showed 
that  bioconcentration  is  accompanied  by  positive  enthalpy  and  entropy  changes.  In 
contrast,  the  partitioning  of  these  compounds  between  octanol  and  water  is  accompanied  by 
negative  enthalpy  and  by  small  negative  or  positive  entropy  changes.  They  conclude  that 
the  differences  in  the  thermodynamic  properties  of  these  processes  arise  from  the  different 
structures  of  fish  lipids  and  octanol,  and  that  only  under  very  specific  conditions  and  only 
for  structurally  similar  compounds  can  a  relationship  between  octanol-water  partitioning 
and  bioaccumulation  be  expected. 

We  have  spent  the  past  ten  years  investigating  the  molecular  mechanism  of  retention 
of  reversed  phase  liquid  chromatography  (RPLC),  and  have  shown  that  at  sufficiently  high 
bonded  chain  density,  partitioning  of  solutes  to  reversed  phase  chromatographic  stationary 
phases  match  the  p^tioning  thermodynamics  between  fish  lipids  and  water  measured  by 
Opperhuizen. 

I  will  briefly  summarize  the  most  significant  results  of  our  research,  further  details 
can  be  found  in  the  publications  resulting  from  this  work,  listed  at  the  end  of  this  report. 

First,  we  spent  significant  effort  to  further  characterize  and  understand  the 
jjartitioning  process  of  small  molecules  between  bulk  solutions  and  our  chromatographic 
stationary  phases.  We  performed  EPR  experiments,  DSC  experiments,  and 
thermodynamic  measurements,  all  of  which  show  that  the  chain  ordering  of  the  station^ 
phase  is  important  to  the  partitioning  process,  and  that  the  entropic  contribution  to  retention 
becomes  more  significant  with  respect  to  the  enthalpic  contribution  as  the  stationary  phase 
bonding  density  is  increased. 

We  have  also  made  significant  progress  toward  our  goal  of  using  our  well 
characterized  stationary  phases  for  modeling  bioaccumulation  processes.  Our  most 
important  paper  in  this  area  shows  results  just  as  we  anticipated.  We  measured 
chromatographic  retention  for  pesticides,  PAH  compounds  and  barbiturates  on  an  RPLC 
column  with  high  alkyl  chain  density,  and  in  all  cases,  correlations  of  the  retention  in  100% 
water  mobile  phases  with  bioavailability  are  equivalent  to  or  better  than  correlations  of 
bioavailability  with  the  octanol-water  partition  coefficient. 


We  have  also  made  significant  progress  on  the  use  of  capillary  electrophoresis  for 
the  estimation  of  these  processes.  While  liquid  chromatography  has  been  the  most  studied 
method  of  estimating  octanol-water  partition  coefficients  and  the  processes  that  the  octanol- 
water  coefficient  is  supposed  to  model,  it  is  a  time  consuming  and  tabor  intensive  method. 
We  have  just  shown  that  capillary  electrophoresis  may  be  able  to  give  a  single  point 
estimate  of  the  octanol-water  partition  coefficient,  and  we  are  currently  investigating  ways 
of  modifying  the  CE  experiment  to  more  closely  match  the  thermodynamics  shown  in  the 
chromatographic  process. 

In  summary,  we  have  met  the  goals  of  our  original  proposal,  and  these  results  have 
been  published  in  the  open  literature.  Following  is  a  list  of  refereed  papers  which 
acknowledge  AFOSR  support  published  or  accepted  during  the  sponsorship  from  AFOSR: 
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